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The I'elative carcinogenic potency of 16 chemicals evaluated 
by both the U.S. Environmental Protection Agency (EPA) and 
the Chemiical Substances Threshold Limit Values (CS-TLV) Com¬ 
mittee of the American Conference of Governmental Industnal 
Hygienist*; (ACGIH) were compared. The estimated cancer risk 
resulting f rom occupational exposure to the threshold limit values 
(TLVs) were also computed using dose—response curves devel¬ 
oped as a part of EPA quantitative risk assessments. 

SubsC£Lnciai agreement between the EPA and the CS-TLV Com¬ 
mittee wa3 found when the relative potency of these carcinogens 
was compared. Use of EPA’s risk model to estimate b'fetime 
cancer risk from occupiational exposure at the TLV levels often 
resulted in high cancer risk estimates. The approaches used to 
assess cancer risk by IxHh groups is described and a suggestion 
is made Ibir incorporating existing quantitative risk assessments 
into the TiLV evaluation procedure. Alavanja, BfOWn, (X; 

Spirtas, R.; Xk>mez, M.: Bisk Amassment for Cardnoge^^ A Ccmpar^ 
of Approaches of tl>e and the Bic Appi. Occup. Envinm. Hyg. 
5:510-517; im 


Introduictiion 

The Qie:mical Substances Threshold Limit Values (CS- 
TLV) Committee of the American Conference of Govern¬ 
mental Industrial Hygienists (ACGIH) has been reviewing 
its polici€:s and procedures regarding carcinogens. Spiaas 
et ai (1985) described the current process the CS-TiV 
Committcre uses to make the qualitative decision to des¬ 
ignate a che^micai as a workplace carcinogen and the quan¬ 
titative decision to recommend levels of exposure for the 
guidance of industrial hygienists.^^^ Threshold limit values 
(TLVs) (fcr carcinogens as well as other toxic agents) are 
time-weighted averages (POCAs) for a normal 8-hour work¬ 
day, 40-hciur workweek. The TLV Is set for inhalation ex¬ 
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posure, with sj^ecial notifications for agents where ab¬ 
sorption from skin exposure is important The TLV is 
assumed to be protective for “nearly all workers" assuming 
the workers to be healthy adults.^ TLVs are guidelines 
for good work practices to be used only by professional 
industrial hygienists. For substances which cause chronic 
diseases sudi as cancer, however, there may not be a sharp 
cutoff point (threshold) between efFea and no effea; it is, 
therefore, important that professional Jut^^ment be used 
in monitoring and protecting workers e^qxeed to such 
substances. 

When deciding on guidelines for carcinogens, the CS- 
TLV Committee gives greatest weigja to epidemiologic 
studies having data on quantitJttive exposure levels.^ Such 
substances receive an Al categmoaikxi and are called 
“Confirmed Human CardiKJgeosT Next in importance, and 
more typically available, are manunaltam toodcologic stud¬ 
ies having whole-btxiy bio^says. Such substances are given 
an A2 designation and are called “Suspected Human Car¬ 
cinogens." In reviewing the key experimeittal toxkolc^ 
studies, the Committee cooskkis route of entry (greatest 
weight given to inhalatkm studfcs), dose-response gra¬ 
dient, potency, mechanism of actioo, cancer site, time-to- 
tumor, length of exposure, and underlying incidence rate 
for the type of cancer and species understudy. Replication 
of results is important, especially if cooqjarabte in different 
species. Other types studies are useful in confirming 
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that a sulxstance Ls a carcinogen but are no’' usually helpful 
in setting a TLV. A safety' factor is often applied to establish 
a TLV for carcinogens, by taking the lowest level known 
to induce cancer (or the no-effeci level) and then dividing 
that b\' :in arbitrarv’ faaor, such as 10 or 100. The CS-TLV 
(Committee, realizing the imprecision of setting TLVs for 
carcinogens, recommends that, for all carcinogens having 
a TIA . “worker exposure by all routes should be carefully 
controlletj to levels as low^ as reasonabK' achiev’ahle (ALARA) 
below' the TLV.”^-^ 

In the early 1970s, the U.S. Environmental Froteaion 
Agency^ (EPA) developed an approach that wus different 
from that of the CS-TLV Committee. Early decisions by the 
EPA conveyed the idea that the only acceptable degree of 
regulation of carcinogens would be a total ban on expo- 
sures.^^'**^ fiowever, the impraaicality of achieving zero 
risk on a broad scale for a large number of economically 
important chemicals became increasingly apparent to many, 
including die U.S, Congress. As a result, the EPA in 1976 
became tlie first federal agency to adopt formal guidelines 
embracing a two-step process of risk assessment. The first 
step is a determination of whether a particular substance 
constitutes a cancer risk, i.e., hazard identification. The 
second st<^p' includes a quantitative risk assessment (QRA) 
as a key component of determining the degree of regu¬ 
latory’ aaion needed to protea the public,^ 

. As pan of the QRA process, the EPA computes dose- 
response curves, mai<es low-dose extrapolations, and es¬ 
timates the size and degree of exposure of the exposed 
populations in order to estimate the number of excess 
cancers expx^aed in the total U.S. population. The rationale 
and procedures for the EPA approach are ased to guide 
regulatory actions which are meant to protea each mem¬ 
ber of the gimeral public over a lifetime against exposure 
via inhalation or ingestion,^^^ Regulatory aaion is taken 
only after tfte results of the QRA are integrated with en¬ 
gineering data and with social, economic, and p>olitical 
concems.^'^^ 

Confusion has ^isen from the different approaches used 
by the CS-Tiy Committee and the EPA in estimating risk. 
Although the TLVs continue to be used widely by profes¬ 
sional industrial hygienists around the world to evaluate 
the safety of workplace e^qxjsures, the QRA approach is 
viewed by some as more objective. Recently, aiticism of 
TLVs has focused attention on the objectivity and scientific 
standards of the CS-TLV Committee.^®^ Several examples 
were given of chemical substances for which unpublished 
data (primarily from the files of industrial companies) were 
important in setting the recommended TLV. Since, in many 
instances, the TLV is the only number available to industrial 
hygienists, it is important that the CS-TLV Committee s pol¬ 
icies and procedures regarding carcinogens be reviewed 
to assess the results of the current TLV approach. We be¬ 
lieve a quantitative comparison of the EPA and the TLV 
approaches may provide some important information re¬ 
garding this iissessment. 

Refleaing on some of these Issues, Andersen^pre¬ 
sented a critical review of quantitative risk as,sessment in 
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occupational health in the 1988 Herben E. Stokinger Lec¬ 
ture, concluding that, “Quantitative Risk Asses,sment is not 
just coming to the occupational environment. It Is here 
now' and is an i.ssue to be reckoned w'ith by everyone of 
us in the industrial hygiene professionA^^^ In his review, 
Andersen sugge.sts that QRA during the past 13 years has 
been “damned’‘ by its misapplication. Overly conservative 
quantitative approaches to predicting ri.sk would lead to 
risk estimates that “greatly restrict commercial operations, 
decrease our ability' to compete in world markcLs, and lead 
to large expenditures to change work praaices with no 
concomitant increase in health proteaion.’* He went on to 
suggest that the problems faced by the use of overly con¬ 
servative techniques can be overcome in part by the ase 
of recent cancer models that have greater biological rel¬ 
evance, e.g., the physiologically based pharmacokinetics 
models (PB-PK^ and the Moolgavkar, Venzon, Knudson 
(MVK) models.^ ^ ^ ^ Although the theoretical appeal of these 
cancer models is clear, the bulk of the QRAs developed 
and published since 1976 have come from regulatory agen¬ 
cies which have not ased these new techniques. We cannot 
compare current TLVs to the results of risk assessments 
asing the MVK or PB-PK approaches; however, comparing 
established TLVs for carcinc^ens with the results of the 
EPA QRAs may help determine whether, and under what 
circurastances, the CS-TLV Committee may consider using 
QRAs as part of its decision-making process. This anicle 
presents a comparison between the ACGIH TLVs and the 
EPA QRAs for the 16 chemical carcinogens that have been 
evaluated by both groups. These QRAs were chosen for 
comparison since they are the largest available coileaion 
of risk asvsessments developed by a standard methodologic 
approach. 

T 

Methods aiid Results 

The comparison reported here is derived from the ACGIH 
1988-1989 list of and an ERA list of carcinogens 

taken from the Integrated Risk Infonnaion System.^^^^ The 
ACGIH li^ cc«itains 700 ageitts of which 55 are clas¬ 
sified by the Committee as carcinogens in the adopted list 
plus 3 in the Notice of Intended Changes list These 55 
substances are listed along with their TLVs, where available, 
Ln Table I. The ERA list, in Table n, contains 54 a^ts, 
including a substantial number of pesticides aiKl nitrosa- 
mines for which a unit risk &aor ft>r inhateion exposure 
is available. The ERA*s unit risk factor is a conservatively 
estimated risk to humans from constant lifetime exposure 
of breathing contaminated air a level of 1 This 

risk estimate is derived from the available results of animal 
bioassays, biochemical studies, and epideiniok^ studies. 
To assure safety, conservative assumptions are used to sup¬ 
plement missing or unknown information (eg., using re¬ 
sults from the most sensitive animal spedes and the lin¬ 
earized multistage dose-response nxxiel and extrapol^ing 
using the upper 95 percent confidence limit of the ex¬ 
perimental evidence). 

The ACGIH TLVs are compared with the ERA QRAs 
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TABLE L Chemkai Substances Ctessffied as Caranogens by ACQH wtth “Hieif Respective TlVs (1988-t^ Adopted Vak>e$) 


Substance 

TIV 

Substance 

TIV 

Acrylamide—Skin^ 

0.03 mg/m^ 

, Ethylene dibromide—Skin 

_ 

Acrylonitrili;—Skin^ 

4.5 mg/m^ 

Ethylene oxide^ 

1.8 mg/m^ 

4-Aminodipdynyl—Skin 

_6 

Formaldehyde^ 

1.5 mg/nH 

Antimony trioidde production 

-- 

Hex3chiorobutadief)e—Skin^ 

0.21 mg/m^ 

Arsenic frioxice production 

— 

Hexamethyl phosphoramide—Skin 

— 

Asbestos 


i Hydrazine—Skin 

0.13 mg/m^ 

Amosife 

0.5 fiber/cc 

4.4'-M€thylen€ bis(2^:hloroani!ine)—Skin 

0.22 mg/rrH 

Cbrysotile 

2 fibers/cc 

Methylene chloride (Dichloromethane)^ 

175 mg/m^ 

Crocidolile 

0.2 fiber/cc 

‘ 4,4'-Me{hylef)e dianiline 

0.81 mg/m^ 

Other forms 

2 fibers/cc 

1 Methyl hydrazine—Skj’n 

0.35 mg/m^ 

Benzene^ 

32 mg/m^ 

Methyl iodide—Skin 

12 mg^m^ 

' ^ 

o. 

1 

_B 

p-N^thyl^ne 

_B 

Ben 2 o{a)pyrene 

— 

Nickel suflkJe roasting, fume & dost 

1 mg/m^, as Ni 

Beryllium^ 

0.002 mg/m^ 

I 4-Nitrodiphenyl 

_B 

1,3-BiitadiefkJ^ 

22 mg/ro^ 

2-NitropfOpane 

35 mg/m^ 

Cartxm tetrachloride—Skir/ 

31 mg/m^ 

N-Nitrosodimethytemlne—Skin 

— 

Chlorofoirn* 

49 mg/m^ 

N-Phenyl-beta-napt^tamine 

— 

bis-<Chlorom5thyl)ether' 

0.005 

Phenytrydfazine—Skin 

22mg/m3 

ChlofTDethyl rnehyl ether 


i Propane aittooe 

— 

Chromates of feid, as Cr 

0.05 mg/m3 

p-Propioiactonc 

1.5 

Chromite ore pnxxssing (chromate) 

0.05 as Cr 

Propytene imme—Skin 

47 

Chromium (Vi), certain water insolubfe compounds^ 

0.05 mQfnP, as Cr 

o-Tolidine—Skin 


Chrysene 

— 

o-Totukkne—Skin 

9 mg'ms 

Coa! tar pitch vclatiles 

02 mg/m3, as benzene 

p-Tt^uidine—Skin 

9 


sdirfjies 

Vinyl bromide 

22 mg/m^ 

3,3'-Dichlorot^adin€—Skin 

— 

Vtn^ chloride 

13mg/m3 

Dimethyl carbcinwyl chloride 

— 

Vinyl cyckJhesene (Soxide—Skin 

57 mg/m^ 

1.1 -Dimethylhi^razine—Skin 

12 mg/m3 

Zinc chroma 

0.01 mg/m3, as Cr 

Dimethyl sulfeie—Skin 

0.5 



Notice of kTtefx^ Changes 1968-196^ 

Cadmium and coiT^potimls* 0.1 

Ethyl acryi^ 

20 mg/m^ XyMioe (mbced isomefs)—Skin 25 mg/m^ 


^Chemicals containtd oo bodi (lie TLV and HW carcinogen list 

^Substance designed by CS-TLV Conimiltee as a confinned htiran carcinogen without a TLV. Worters ej^wsaJ to tots sub^ance dwoW be “property e quipp e d to virtoiily eliminate afl exposure.”® 


in two ways: l)do the ACGIH and EPA place these 
chemicals in the same order of toxicity? and 2) what lev'el 
of risk do tf ie EPA unit risk faaors imply from exposure 
to the ACGIfi s TLVs? The EPA dose~response assessment 
commonly begins with the multistage model, 

P(d) = t exp{q^d + -i- ... + Qj^d^), 

puts an upj[XT 95 percent confidence limit on the linear 
term of the d^se-response (qi*) based on a statistical eval¬ 
uation of aiiijnal bioassay data (with consideration of spe¬ 
cies, route of administration, duration of exposure and 
followup, and other experimental design criteria deemed 
most relevant to human risk assessment), and then uses 
the lineari 2 (id multistage model (only the linear term is 
included) to (estimate the risk of lifetime exposure to low 
doses. Because the linearized multistage model used by 
the EPA for it; unit risk %Xor is equivalent to the single 
hit model, our estimate of lifetime risk of developing can¬ 
cer from ocrnjpational exposure is based on the model, 

Prob (d) = 1 - exp(-ad), 

where Prob(d) is the lifetime probability of developing 
cancer from exposure to a daily level of d fig/m^ during 
a working lifetime of a 40-hour workweek/168-hour week, 
a 50-week/workyear, a 40-year career, and an average life 


span of 74 years. The slope of this dose-response curve 
(a) directly indicates cancer risk, thus a larger slope im¬ 
plies a lar^r risk at the same dose. The slope is cfeerived 
from the ERA unit risk &ct<x and is adjusted as follows to 
reflect different exposure situations. 

To adju^ for different exposure durations, we use the 
simple assumption that the dose-response slope for oc¬ 
cupational exposure is (40/168) x (50/52) x (40/ 
74 ) = 0.124 of the complete lifetime exposure slope. The 
ERA assumes a normal re^nradon rate of 20 cubic meters 
in a 24-hour period while ^ assume a rae 10 cubic 
meters in an 8-hour wwking day. Thcrefote, to adjust for 
different breathing for working aixl nooworking per- 

^ns, we assume the occupaiooal expo»ire slope is 
(lQ/8y(2(V24) = 1.5 times the ERA slope. 

Figure 1 displays the comparison of the ACGIH and ERA 
arrangements of the 16 common agents in decreasing or¬ 
der of risk (increasing TLV level and decreasing unit risk 
order). The spearman rank correlation coefficient for these 
two orderings is r = 0.78 implying substantial, yet im- 
perfea, agreement The major dis^reements are the or¬ 
derings of hexachlorobutadiene, 1345utadiene, vinyl chlo¬ 
ride, formaldehyde, and chloroform. The ACGIH has 
hexachlorobutadiene with a greater carcinogenic risk than 
13-butadiene, and vinyl diloride with a greater risk than 
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dii()r()form, while the EPA reverses this order. In addition, 
formaldehyde is substantially higher on the ordering by 
ACGIH than by EPA. In establishing TLVs for vinyl chloride 
and chloroform, the CS-TLV Committee probably weighted 
hea\'iiy the [X)sitive epidemiologic evidence for vinyl chlo¬ 
ride, In deciding to establish a relatively more protective 
value for vinyl chloride than for chloroform. The TLV for 
formaldehyde is based primarily on prevention of e\'e, 
nose, and tl iroat irritation. These acute effects have been 
observed in humans at levels below the lowest effea seen 
for carcinogenicity in rodents. The discrepancy for 1,3- 
butadiene can be explained, in pan, by the CS-TLV Com¬ 
mittee minimizing the relevance of an animal bioassay 
which induced angiosarcomas of the heart, a rare tumor 
in humaas. 

Table III gives the TLVs and adjusted unit risk for these 
agents along with the EPA s estimate of daily occupational 
exposure fevels corresponding to lifetime cancer risks of 
one in a million and one in a thousand This table also 
gives an eitimate of the lifetime risk from occupational 
exposure to a daily level at the TLV. Eight of these 16 
estimated lifetime cancer risks from occupational expo¬ 
sure to the TLV lie between 1 and 10 percent with the two 
highest estimates being chloroform at 19 percent and 13 - 
butadiene at i58 percent while the two lowest estimates are 
hexachlorobutadiene at 0.1 percent and beryllium at 0.09 
percent. On ihe average, the TLVs for these 16 agents are 
over 25 timei greater than the EPA estimated daily expo¬ 
sure level t'LSiWciated with a risk of 1/1000. Table III also 


TL v' Order 

EPA Order 

\~ Beryllium |v 

Bis(chloromethyl)ether | 


1 Bis(ch}oromethyi)ether ^ 

J Chromium VI j 


1 Cadmium 

/ ^ Beryllium | 


1 Acrylamide 

Cadmium | 

y 

1 Chromium VI 

Acrylamide 1 


1 Hexachlorobutadiene 1 

J 13 Butadiene | 

\ / 

1 Nickel Refinery Dust LA_ 

/t~\ Nickel Refinery Dust | 

\ / 

1 Formaldehyde [ \ 

/ A Ethylene Oxide | 


t Ethylene Oxide 

A J Acrylonitrile ( 

\L^ 

1 Acrylonitrile 

\ J Chloroform ( 

/ \ X 

1 Vinyl Chloride 1 / 

\ / ^ Hexachlorobutadiene [ 

X Y 

I 1,3 Butadiene f\ 

/ \ J Carbon Tetrachloride [ 

\/ 

1 Benzene L / 

^ ^ Fonnaidehyde [ 


1 Carbon Tetrachloride |y/ 

Benzene 1 

/ \ 

1 Chloroform f 

Al Vinyl Chloride j 


1 Methylene Chloride - 

_Methylene Chlonoe ( 


FJOJRE 1. Ordering of diemkals by estimated risk by the Chmicai Sub¬ 
stances TLV CommittM and the U.S. Environmental Prot^tion Agency. 


TABLE II. ClHimi^ils for Whicb Quantitative Risks teve Computed for bhatebon Exposure by U.S. Ws Cifcteogen Ats^ment 

&txip ______ 


CompouKts 

Unit Risk Facfofs* 

Ctmipouncls 

IMtRtekFacters* 

Acetaldehyde 

22 

X 

1(H 

12-OiphenyiMfazine 

4.5 X 10-' 

Aciylamlde 

1.3 

X 

1(H 

Epfchtorohydrin 

12 X 10-* 

Acrylonitrile 

6.8 

X 

1(h5 

Eltiytene oxide 

12 X KH 

Aldnn 

4.9 

X 

1(H 

FonnaMehyde 

1.1 X 10-^ 

Arsenic 

4.3 

X 

IlH 

Heptsuhloc 

12 X 1(H 

Asbestos 

23 

X 

10-^ 

Kaptachlor epoxide 

Z6 X 1(H 

Azobenzene 

3.1 

X 

10-5 

Hexachlorobutadiene 

22 X 10-® 

Benzene 

8.3 

X 

1(H 

Hexachlorocycloteane 

11 X KH* 

Benzidene 

6.7 

X 

10-2 

Dechnical ^ade 

22 X 10-' 

Beryllium 

14 

X 

10-3 

alpha isomer 

,12 X 1(H 

1,Butadiene 

IB 

X 

io-< 

bete isome^ 

52 X 1(H 

Cadmium 

1.8 

X 

10-3 

Hexachk)ro(SbeiisxSoxm 

12 X 1(h* 

Carbon tetrachloride 

1.5 

X 

10-5 

Hydrazine/HydJazfoe 

42 X 10-5 

Chlord^ 

3.7 

X 

10-5 

Nkkei rcffo^ dust 

2.4 X 10-< 

bis{2-chIoroettTrl>5ther 

3.3 

X 

1(H 

Nidtel subsutbde 

42 X 10-* 

Chloroform 

2.3 

X 

10-5 

Hitroso-dim^tyteTHne 

1.4 X 10-2 

bis{chIofomethi'l)(ttfier 

62 

X 

1(H 

Di-butyiamme 

1.6 X 10-2 

Chromium VI 

12 

X 

10-2 

Dtethykiitrosamine 

42 X 10-2 

DOT 

9.7 

X 

10-5 

N-mtrosopyrrolkSr^ 

6.1 X lO-* 

1.2-Dibfomoeth3r>5 

22 

X 

1(H 

1,1,12-Tetrachlofo^Bne 

7.4 X 10-* 

Dibutyinitrosamine 

1.6 

X 

10-3 

1.122-Tetrachloroeihane 

5.8 X 1(h« 

1,2-Otchloroetttintj 

26 

X 

^0^ \ 

Toxaphene 

32 X 10-* 

1,1-Dich!oroethyler>e (Vinylldene chloride) 

5.0 

X 

10-5 

1,12-TrichlofoeitBne 

12 X 10-* 

Dichloromethan(5 (Methylene chloritte) 

4.1 

X 

10-5 i 

Tridiloroethyiene 

12 X 10-« 

Dieldrin 

4.6 

X 

10-3 

2,4,6-TrichIofophenol 

5.7 X 10-* 

Diethyinitrosamine 

4.3 

X 

10-2 

Vinyl chloride 

7.1 X 10^ 

Oimethyinitrosarnine 

1.4 

X 

10-2 




‘Esiimaled risk to from constat fitelime expoa^e o< breathing cortamirsted air ^ a terei of 1 
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TABLE III. Estimated Lifetime Cancer Rfek from Oca^^^kmal Exposure to tiie TIV 


Substance 

lARC 

Class 

TLV 

Adjusted 
Unit Risk* 

Daily ExjxKUfe 

Associated with Risk of 

1/10* 1/1CP 

Estimated Lifetime 
Cancer Risk from 
Exposure to TLV 

Acrylamide 

26 

30 

2.4 X 10-^ 

4.2 X 10-3 

4.2 

0.0072 

Acrylonitrile 

2A 

4500 

1.3 X 10-5 

7.7 X 10-2 

7.7 X 10' 

0.057 

Benzene 

1 

30000 

1.5 X 10-5 

6.7 X 10-^ 

6.7 X 102 

0.044 

Beryllium 

2A 

2 

4.5 X lO--^ 

2.2 X 10-’ 

2.2 

0.0009 

1,3-Butadiene 

2B 

22000 

5.2 X 10-5 

1,9 X 10-2 

1.9 X 10' 

0.68 

Cadmium 

2A 

10 

3.3 X 10-" 

3.0 X 10-3 

3.0 

0.0033 

Carbon teUacbloride 

2B 

30000 

2.8 X 10-6 

3.6 X 10-« 

3.6 X 102 

0.081 

Chloroform 

2B 

50000 

4.3 X 10-« 

2.3 X 10-' 

Z3 X 102 

0.19 

bis(ch!oromethyl)ettief 

1 

5 

1.2 X 10-2 

8.3 X 1CH 

8,3 X 10-2 

0.058 

Chromium (V() 

1 

50 

2.2 X 10-3 

4.5 X 10-^ 

4.5 X 10-’ 

0.10 

Dichloromettiane 

2B 

175000 

7.6 X 10-^ 

1.3 

1.3 X 103 

0.12 

(Metnytene chloride) 
Ethylene oxide 

2A 

2000 

2.0 X 10-5 

5.0 X 10-2 

5.0 X 10’ 

0.039 

Formalderiycfo 

2A 

1500 

2.4 X 1(H 

4.2 X 10-’ 

4.2 X 102 

0.0036 

Hexadiiorotxitadiefto 

3 

240 

4.1 X 1(H 

2.4 X 10-’ 

Z4 X 102 

0.00098 

Nickel refinery dust 

1 

1000 

4.5 X 1(h5 

22 X 10-2 

22 X 10’ 

0.044 

Vinyl chtofide 

1 

10000 

1.3 X 1(H 

7.7 X 10-’ 

7.7 X 102 

0.013 


'From li dd^4S^ k)r occupational exposure. Estimated nst( to humans Irom exposure to a hmenirejghted average ol 1 for a 
norret S-t^our woricday, ^<H»ur wo(fo«e< 40-ycaf caf«^ (see texl). 


contains the International Agency for Research on Cancers 
(lARC) clas^sification of each of these chemicals/This 
classification scheme evaluates the likelihood that these 
chemicals are: human carcinogens but makes no attempt 
to quantify their potential risk or to set '‘safe” exposure 
levels. Hexachlorobutadiene is classified by lARC in cate¬ 
gory 3, “the ag.ent Ls not classifiable as to its carcinogenicity 
to humans.”^ Seven other chemicals: acrylamide (2B), 
acrylonitrile (2A), beryllium (2A)^ 13-butadiene (28), cad¬ 
mium (2A), carbon tetrachloride (28), chloroform (28), 
methylene chloride (dichloromethane) (28), ethylene ox¬ 
ide (2A), and formaldehyde (2A) are in lARC category 2, 
“the agent i.s f>robably (2A) or possibly (28) carcinogenic 
to humans.'" The remaining five chemicals, benzene, 
bis(chioromethyl) ether, chromium VI, nickel refinery dust 
(nickel comjx^unds), and vinyl chloride are in lARC cate¬ 
gory 1 “humaji carcinogens.” 

Using vinyl chloride as an example, Figure 2 illustrates 
the typical relationship found between the dose-response 
curve resulting from a QRA of the type performed by the 
EPA, the empirical data on whiJi the modeling is per¬ 
formed, and the TLV established by the ACGDI. The slope 
of the dase-r(Jsponse curve shown here (i.e., 0.0013) is 
derived ffomi ihe EPA unit risk faaor for vinyl chloride 
adjusted to reflea the exposure situation of the occupa¬ 
tional environment. 

Discussion 

In this set of 16 diemicaJs, both the EIA. and the ACGIH 
approaches cmk them in approximately the same order 
of carcinogenic risP. However, the EPA is far more con¬ 
servative, reflecting the agency's objective to protea all 
members of the community, not just healthy adults. The 
authors could not definitively comment on the relative 


accuracy of the two approaches because our theoretical 
understanding of the dose-response relationship for oc¬ 
cupational carcinogens is still elementary, and we are, 
therefore, limited in our ability to discriminate between 
the accuracy of the TLV and QRA approaches. One is further 
hampered by the faa that the empirical data available to 
assess the carcinogenicity of specific chemicals are usually 
the result of animal experiments at high doses, together 
with a battery of short-term tests which are sometimes 
augmented by epidemiology studies that usually have scanty 
exposure information. The available occupational cohort 
studies have not followed workers for their entire lifetime 
and, thus, do not give complete infonn^ion on agents 
which cause cancer many years after exposure. Conse¬ 
quently, no one at the present time can spe 2 k with scientific 
certainty about “safe” levels of exposure to carcinogens. 

Althou^ decisions on the permissibie exposure to car¬ 
cinogens are fraught with difficulty, we believe that rec¬ 
ommending maximum levds of occupational exposure 
should be guided by diree principles: 

1. Scientifically, one should sedc the most apprc^riate 
data and methods for predictii^ the efea of human 
exposure to carcinogens based on our latest theo¬ 
retical understanding of the process cf cardi^ 

2. As a public health issue, one should sdmit the im¬ 
precision of our knowiei^e and compensate for our 
uncertainty by building into the system a margin of 
safety. 

3. As public policy, one should explidtiy document the 
methodology. 

The increasing motivation to use QRA as a tool to es¬ 
tablish occupational health standards dates from the 1980 
decision by the Supreme Court to overturn the Occupa¬ 
tional Safety and Health Administiation’s (OSHA) newly 
propased benzene standard.^’*^^ The court maintained that 
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OSHA had failed to show a significant reduaior in risk 
going from 10 to I ppm. Although OSHA did not propose 
a formal poliq' in response to the decision, the agenq^ has 
generally accepted the view that quantitation of risk is 
required for the regulation of carcinogens, and it has in- 
coq^orated QRAs into its standard setting activiw since that 
time. 

Amidst the controversy asscK'iaced with modeling a pro- 
ce.ss cIk is incompletely understcxxl .scientifically and the 
judicial poli tical climate which favors the use of a quan¬ 
titative procedure to help regulate carcinogens in the gen¬ 
eral envinjnment and workplace, the EPA and other reg- 
ulator\' agencies have opted for the use of a conservative 
approach in the development of risk assessment proce¬ 
dures. For example, the QRAs are usually based on tlie 
most sensitive species and ase of the most conservative 
dose-response curve, while low weight is given to neg¬ 
ative epidem iological Although this procedure has 
been criticized by some industry representatives^ and 
some academic scientists,^ it would be difficult to per¬ 
form num(iroas risk calculations involving all plausible 
options for die many judgments that must be made in the 
development of a QRA. For most chemicals, this would 
result in such a wide range of risk estimates that the anal¬ 
ysis w'ould not be aseful to the regulatory agency or to 
others formulating public poliq^ The CS-TIV Committee, 
on the other hand, provides recommendations for the ase 


of industrial hygienists rather than setting governmental 
standards, and the Committee bases its recommendation 
on the professional judgement of its members. Both the 
TLVs and QRAs are subjea to external reviews before 
adoption. 

With this perspeaive in mind, the authors compared the 
chemical carcinogens which were quantitatively evaluated 
by the two procedures. The first qualitative comparison is 
tliat only 16 chemicals appear on both the CS-TIV Com¬ 
mittee list and the EPA list However, this apparent dis¬ 
agreement is not too surprising because of the substantially 
different mission of these two organizations and the ap¬ 
proaches they take when classifying the hazardous “po 
tenq^" of chemicals. TLVs are quantitative guidelines for 
recommended exposures in the workpl^, but there is 
no explicit estimate of the health risk associated with these 
levels. On the other hand, the EF^ unit risk faaor explicidy 
relates dose to cancer risk by means of a mathemadcal, 
linearized, multistage model of carcinogenesis, but few 
have been translated into pc rmissible exposure levels. Op¬ 
erating as an independent organizaticxi, the lARC reviews 
all relevant scientific information in order to assess the 
evidence that an agent could alter the incictence of cancer 
in humans but makes no attempt to extrapolate beyond 
the range of the available data, likewise, no recommen¬ 
dation is given for safe exposure levels for regulation or 
legislation.^***^ 



RGURE Z Comparison of TLV, EPA unrt risk dose-response, ami animaJ bioassay resuits for vinyl cWoridc exposure. 
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The principal reason for this wide dispariw between the 
EPA and the CS-TLV Committee may be explained primarily 
by the underlying philosophical principles governing the 
iw'o organizations rather than the technical differences be¬ 
tween th<^ tv,*() method.s. The CS-TLV Committee is gov¬ 
erned by the principle that “Threshold limit values refer 
CO airborne concentrations of substances and represent 
conditioiis under which it is believed that nearly all work¬ 
ers may be repeatedly exposed da\' after day without ad¬ 
verse effect. Because of wide variation in individual sus- 
ceptibiliiy, however, a small percentage of workers may 
experience di.scomfort from some substances at concen¬ 
trations at or below the threshold limit; a smaller per¬ 
centage may be affeaed more seriously by aggravation of 
a pre-existing condition or by development of an occu¬ 
pational illness.”^ Use of the TLV for other purposes, 
such as community air standards, is specifically discour¬ 
aged by the Committee. Thus, the CS-TLV Committee rec¬ 
ommendations imply that there is a small degree of risk 
of (x:cupat;ional illness to some workers who are more 
susceptible than others. 

The Ck^n Air Aa, which in part governs EPA’s approach 
to perfonning QRAs, is more philosophically conservative. 
The Aa siaies that Primary Air Standards must protea the 
public heaPh with an adequate margin of safety based on 
a review of air quality criteria which reflects the latest state 
of scientific knowledge about the pollutant. The require¬ 
ment for an “adequate margin of safety" is intended both 
to address inconclusive scientific and technical information 
and to provide a reasonable degree of proteaion against 
hazards that research has not yet identified Recognizing 
that imposing zero emission for some substances would 
impose too heavy an economic burden on society, EPA has 
addres.sed tlie problem by proposing that the Best Avail¬ 
able Techrtology (BAT) be used to control carcinogens. If 
BAT controh; leave an unreasonable residual risk, further 
controls will be considered.^ 

When making a quantitative comparison between the 
ACGIH and the EPA approaches, substantial agreement is 
found when classifying the relative potencies of these car¬ 
cinogens, but substantial disparity in the actual levels pro¬ 
posed or recommended Estimating lifetime cancer risks 
from occuf>ational exposure at the ACGIH's TLV levels by 
using the EP/is QRA model sometimes resulted in extraor¬ 
dinarily hijfh risk estimates, 68 percent from exposure to 
13-butadiencr and 19 percent from exposure to chloro¬ 
form, which may reflea either limitations in the QRA nKxi- 
eling approach or the TLV safety faaor approach. 

A safety lac tor approach, such as that used by the CS- 
TLV Committi^, is theoretically no more or less conserv¬ 
ative than a <2RA approach which is linear at low doses 
and assumes no threshold. In praaice, however, use of a 
safety faaor of 5-10 or even 100-1000 is markedly less 
con.servative than the QRA approach which determines an 
exposure level associated with a very small risk level such 
as V]</\ This pDint is illustrated for vinyl chloride in Figure 
2 w'hich compares the EPA unit risk faaor for the upper 
confidence limit on the estimated human dose-response 


with the TLV and the results of animal bioassays. With no 
attempt made to acknowledge the inconsistency prcxluced 
by these differing methcxis, confusion and skepticism have 
resulted. Although there are strengths and weaknesses as- 
scKiated with the approach of each group, it would seem 
that the CS-TLV Committee could make a major contri¬ 
bution to fostering control of carcinogens in the workplace 
by reviewing any available EPA QRA, or comparable mod¬ 
eling data when it updates or e.stablishes a new TLV for a 
confirmed or suspected human carcinogen. When possi¬ 
ble, the CS-TLV Committee should also consider the results 
of studies that use more refined models for QRA Being 
les,s constrained by the judicial-political climate than the 
regulatory agencies, the CS-TLV Committee should be bet¬ 
ter able to promptly adopt the most scientifically defensible 
extrapolation procedures available when a particular 
chemical is being studied in terms of recommended oc¬ 
cupational exposure values. 

Although many scientists remain skeptical about the pos¬ 
sibility of extrapolating the effects of carcinogens to low 
doses, a systematic evaluation of the results of these esti¬ 
mates in future editions of the TLV Documentation volume 
would help alleviate the confusion that now exists. 
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